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Motivation
A common explanation for the existence of multi-product firms is the reduction of risk and uncertainty that can be reached by diversification across product markets (Lipczynski and Wilson 2001: 324f.) . This reasoning implies a negative relationship between the extent of product diversification and the variability of sales or employment at the firm level. We test this prediction using rich and newly built data for the population of German Manufacturing firms with 20 or more employees from 1995 to 2004. Our results suggest that higher levels of product diversification lead to a higher variability of both sales and employment which can be explained by firms diversifying across very similar products for which market risks are correlated. This behaviour may be explained by a firm's wish to use intangible assets or to profit from economies of scale. However, the effects of product diversification are negligibly small from an economic perspective which suggests that product diversification does not matter much for the stability of either sales or employment.
It is a common empirical observation that a large number of firms in an economy produce more than one good. In Germany, about 60 percent of all manufacturing enterprises with more than 20 employees are multi-product firms with on average 4.4 products. Additionally, as multi-product enterprises are often larger than single-product firms, their share at total sales and total exports is as high as 81 percent and 85 percent respectively (see for detailed descriptive evidence for Germany).
On a theoretical level, the existence of multi-product enterprises has been explained by two broad views. One line of reasoning points to the reduction of risk and uncertainty that can be reached by diversification across product markets (Jovanovic and Gilbert 1993: 199f., Lipczynski and Wilson 2001: 324f .; a formal model motivated by firm mergers can be found in Koutsoyiannis 1982: 239-241) .
Demand shocks or new competitors may have a negative impact on sales and profits in a product market in an unpredictable manner. A single-product firm, therefore, is highly vulnerable to adverse shocks that hit their market. A multi-product firm can substantially reduce this vulnerability, at least if the risks on the various product markets are randomly distributed or negatively correlated. Consequently, we would expect that, other things equal, higher levels of product diversification are positively related to a higher stability of sales or employment. Note that this line of reasoning implies that firms have an incentive to invest into products that are likely to face different shocks in demand (for instance alcoholic beverages and automobiles) to minimize the impact of unexpected shocks.
While this idea can be traced back to at least the 1950s (see Penrose (1959)/1995, p. 138ff.) , it has to the best of our knowledge never been tested empirically. In fact, the only study we are aware of that tests a relationship between some aspect of corporate diversification and stability of sales is Hirsch and Lev (1971) who show that diversification across markets in different countries is associated with higher stability of sales.
The other line of reasoning that explains the existence of multi-product firms, the resource view (Montgomery 1994:167f.) , links diversification to firm performance by the following arguments: If firms have an excess capacity in productive factors, they can reap economies of scope by expanding into different product markets. An example for such a productive factor might be special knowledge the firm has accumulated through time and that can be used in other markets without reducing the use in the market the firm is already active in. While it is theoretically possible that the firm may sell this specific asset to another firm active in this market, there is typically no market for intangible assets like knowledge which provides an incentive to internalize the use of these assets. Furthermore, productive factors of this type are often closely linked to persons who cannot simultaneously work for several firms producing different products. As diversification allows firms to use their productive capacities to a greater extent, this line of reasoning generally suggests a positive relationship between diversification and firm performance. However, as there are usually costs associated with the serving of different markets, e.g. for developing and advertising a new product, the effects of product diversification might be smaller than expected or even negative. Note at this point that this line of reasoning makes it more likely that multi-product firms produce various similar products as the intangible assets, e.g. special knowledge, are likely to be tied to specific factors in the production process.
The literature focusing on the relationship between product diversification and firm performance is large, but provides very mixed results (see Hall 1995 and
Montgomery 1994 for reviews of the literature). Evidence from Germany is sparse: This paper contributes to the literature by testing for the fist time the relationship between product diversification and the stability of sales and employment. Using a unique newly built data set for German manufacturing enterprises, we rely on panel (instrumental variable) estimators to control for unobserved heterogeneity and simultaneity and also control for industry and firm specific trends.
The rest of the paper is organized as follows: Section 2 introduces the data and the estimation approach used. Section 3 presents descriptive statistics, including some stylized facts for product diversification in German manufacturing firms. Section 4 reports the results of our econometric investigation. Section 5 concludes.
Data and empirical approach
In Germany data on the number of different products produced by a firm 1 and on the turnover realized with each product is collected in the survey of products produced (Produktionsstatistik) which was recently made available to researchers from outside the statistical offices. As a first step the so-called producer-product-panel was built that merged information from the cost structure survey (see Fritsch et al. 2004 ) and from the survey of products produced for a sample of manufacturing enterprises and for the years from 1995 to 2001 (see Görzig, Bömermann and Pohl 2005) .
This study uses a data set that extends the producer-product-panel in three ways: All manufacturing enterprises with at least 20 employees are covered;
information from the so-called monthly report of manufacturing establishments (aggregated over all months, and all establishments belonging to an enterprise, see
Wagner 2000 for a short description of the data) is added; and the time frame has been extended to cover the years 1995 to 2004. Note that we cannot use the information from the cost structure surveys as these do not cover the whole period as new samples are drawn every four years.
As the focus of this paper requires variation of the respective outcome measures over time, we restrict the sample to those firms who are observed in each year from 1995 to 2004 forming a balanced panel of 17,666 firms with 176,660 firmyear-observations. 2 Note that there is (almost) no item or unit non-response in the data as firms are legally obliged to respond to the surveys by the statistical agencies.
In our econometric investigation, we are interested in the relationship between product diversification and the variability of sales or employment over time. If the hypothesis holds that higher levels of diversification protect a firm against shocks in demand, we would expect the relationship between our measure of product diversification and some measure of variability of the respective outcome to be negative. A crucial point in this investigation is the measurement of variability.
Clearly, seasonal variations or the fluctuations caused by (industry specific) business cycles are predictable by a firm and can be alleviated by savings or reserve funds (see e.g. Penrose 1995: 140). Additionally, as the descriptive evidence presented by Wagner (2008: 11) suggests that there are usually single-and multiproduct firms in the same industry in the same year, it seems unlikely that industry specific trends explain the existence of multi-product firms.
Similarly, there might be firm specific trends that are predictable by the firm, for instance caused by different product life cycles or similar firm-specific factors. This point is made by Hirsch and Lev (1971) who account for that argument by first fitting a firm specific trend to the data and subsequently using deviations from this trend as their measure of unexpected variability.
Our econometric investigation builds on their approach and is conducted in three steps. First, it seems safe to assume that firms generally know about systematic patterns on the industry level. To account for that fact, we transform the observed outcome into the percentage deviation from the industry mean in the respective year. More formally, let y ijt be the observed outcome of firm i in industry j in year t and let y°j t be the year-specific industry mean of y ijt . Our transformed outcome ý it is defined as (y ijt *100)/y°j t . This measure is adjusted for industry differences in outcome levels and a nonparametric estimate of the industry trend; it can easily be compared across industries.
In the second step we fit a firm-specific trend function to the transformed data using linear, squared and cubic trend functions by the following estimating equation
where g(t i ), is a first, second or third order polynomial in t. This part of the analysis that is similar to the approach by Hirsch and Lev (1971) can be seen as a simulation of the firm's planning behaviour and accounts for systematic trends at the firm level that are different from the industry trends. We then use the yearly deviations from that firm specific trend, the residuals in equation (1) denoted by e it , as the measure of unexpected variation in the third step of our analysis. Figure 1 displays the distribution of these deviations. Note that for each trend function and outcome the distribution of deviations is symmetric around zero which makes it likely that this measure indeed represents unexpected shocks.
[ Figure 1 near here]
Finally, we regress our measure of variability e it for both sales and employment on a variety of control variables and the measure of product diversification. In this step, we use three different estimators: Cross-sectional OLS, fixed effects estimators that account for unobserved heterogeneity and finally panel instrumental variables estimators that use first differences to purge unobserved heterogeneity and first and second lags of the measure of diversification as instruments in a 2SLS-estimation to get rid of simultaneity bias.
Note that instrumenting is necessary, especially when looking at stability of sales, as the outcome and the measures of product diversification suffer from simultaneity bias by construction as all three variables contain sales. Specification tests for the instrumental variable estimates are reported in tables A.1 and A.2 in the appendix.
Note that these generally indicate no problems with underidentification, weak instruments or a lack of exogeneity of the instruments.
Descriptive evidence on product diversification in German manufacturing enterprises
To give a first impression on the evidence of product diversification in German manufacturing enterprises, some information is given below. Focussing on the year Product diversification is measured in two ways, by the share of sales of the most important product in total sales, and by the Berry-index defined as one minus the sum of squared shares of sales of all products in total sales. By definition, for a single-product firm the share of sales of the most import product in total sales is One, and a decreasing value of this measure shows an increase in diversification. The
Berry-index is by definition Zero for a single-product firm, and an increase in its value
shows an increase in diversification.
To illustrate the distribution of the measures of product diversification in the sample of enterprises used in our econometric investigation figure 2 and figure 3 show kernel density estimates of the share of sales of the most import product in total sales and of the Berry-Index in 2000. Due to the high share of single-product enterprises both distributions are highly skew, and it can be seen that only a small portion of all enterprises is very highly diversified according to both measures.
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[ Figure 2 and figure 3 near here] Table 1 presents descriptive statistics for the sample used in the analysis.
Note that all measures of deviation have a mean of (practically) zero and exhibit almost no variation across firms which again points to the validity of this variable for the measurement of unexpected firm-specific shocks.
[ Table 1 near here]
Results
Consider first the evidence for the stability of sales shown in table 2. Here, we obtain significant results only for the OLS and fixed effects results without control variables in the specification using a linear trend and for all instrumental variable results. Note that the latter are more reliable than the OLS and fixed effects as these may be influenced by simultaneity bias introduced by the fact that both the measures of product diversification and the outcome contain sales.
[ Table 2 near here]
Focusing on the instrumental variable estimates, we obtain a remarkably similar picture: Higher levels of product diversification always lead to lower stability of sales.
However, these effects are rather small. A change in the measure of product diversification by 0.1 which roughly equals one within-standard deviation changes the variability of sales by 4.0 to 6.4. Compared with the respective standard deviations of 48.8 to 65.0, this effect seems rather small. practically identical for the OLS and fixed effects estimates. Similar to the previous results for employment, higher levels of product diversification lead to a higher volatility of employment. Looking again at a 0.1 change in the measure of product diversification, we see that this leads to changes in variability by 3.6 to 5.9 which is again small compared to the respective standard deviation lying between 34.0 and 47.2.
[ Table 3 near here]
Taken together, our results provide not much support for the idea that firms may diversify their production across markets as a way to insure against unexpected shocks in one market -or at least not for the idea that product diversification actually results in a higher stability of either sales or employment. If anything, our results in fact suggest that higher levels of product diversification lead to higher volatility of the respective outcome. While this observation may suggest that firms primarily diversify across similar products and markets, the effects of diversification are actually quite small from an economic perspective: A 0.1 change in the measure of diversification which equals a reduction of the most important product's share in total sales by 10
percentage points leads to an increase in volatility by at most 1/6 of a standard deviation.
Concluding remarks
We use a unique rich newly built data set for German manufacturing enterprises to investigate the relationship between product diversification and the stability of sales and employment. We find that an increase in the degree of product diversification has either none or a negative impact on the stability of outcomes when observed and unobserved firm characteristics are controlled for. When using (panel) instrumental variables we obtain statistically significant effects for both outcomes. However, the effects are rather small from an economic point of view which suggests a negligible influence of product diversification on the stability of sales and employment.
These findings provide no support for the idea that firms may successfully use product diversification as a way to reduce risks from unexpected shocks. Given previous evidence, e.g. by Braakmann and Wager (2009) , that suggests more concentrated firms are also more profitable, it seems safe to conclude that concentration on a core market pays. This might help to understand the -at least, at a first glance -surprising fact that nearly 40 percent of all manufacturing enterprises with at least 20 employees in Germany are single-product firms according to a detailed classification of products, and that multi-product enterprises with a large number of goods are a rare species.
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